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Conventional and non-inversion tillage systems  
as a factor causing changes in ground beetle  
(Col. Carabidae) assemblages in oilseed rape  
(Brassica napus) fields
Abstract
Background and purpose: Carabid beetles are among the most im-
portant elements of the natural environment’s resistance in arable fields. In 
this paper, the influence of different soil tillage systems on carabid beetle 
assemblages in oilseed rape plantations was studied.
Materials and methods: The experiment was conducted in northeast-
ern Poland. Six fields with oilseed rape cultivated under both conventional 
and non-inversion tillage systems were chosen. Barber traps were used to 
capture beetles.
Results and conclusions: In total 9,968 individuals belonging to 56 
species were collected. Significant differences in the abundance and species 
richness of ground beetles in two systems of soil tillage were observed. The 
abundance and species richness were significantly higher in the non-inversion 
tillage system. Analysis of the life history traits of carabids also revealed 
statistically significant differences in the seasonal occurrence of carabids re-
lated to the type of soil cultivation used.
IntRoductIon
Disturbances caused by intensive agricultural practice, such as deep ploughing, are among the most important factors influencing the 
abundance and species diversity of epigeal fauna including carabid 
beetles (1-5). The effect can be direct, i.e. by the mechanical killing of 
insects living in soil (6, 7), or indirect, through habitat deterioration (8, 
9). Carabid beetles are very sensitive to various factors (10-12), both 
caused by human activities (13, 6, 14) and due to the nature of habitats. 
In crop fields, they are dependent on all agronomic factors associated 
with the cultivation of plants and on the crops and microclimate in 
which these useful beetles live (15-17).
In this study, the composition and structure of carabid beetles in 
oilseed rape fields are discussed. In Poland and in many other countries 
all over the world, oilseed rape is the most important oil plant. In glob-
al plant production, oilseeds are second to cereals. Oilseed rape occurs 
in human food and animal feeds, but it is also used by the chemical 
industry for production of biofuels, and it is an important honey plant. 
However, cultivation of oilseed rape requires the use of considerable 
amounts of pesticides because of a large number of pests (e.g. Melighetes 
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aeneus, some species from Ceutorrhynchus genus, Dasyneu-
ra brassicae, Brevicoryne brassicae) (18). Useful entomo-
fauna can support farmers in their efforts to control pests. 
Thus, care should be taken of each element of natural 
plant protection, including carabid beetles.
The main aim of the study was to compare assemblag-
es of ground beetles colonizing fields of oilseed rape cul-
tivated under two different systems of soil tillage – con-
ventional and non-inversion. The following research 
hypotheses were made: 1) ploughing causes a decrease in 
abundance and species richness of carabid beetles; 2) in 
fields under the non-inversion tillage system, which seem 
to be less severely disturbed owing to a more limited range 
of farming treatments, there are more large zoophages and 
fewer hemizoophages and small zoophages, more autumn 
breeders than spring breeders and more brachypterous and 
dimorphic carabid beetles. Trophic preferences are an in-
dicator of the beetles’ availability and variety. The presence 
of predators of variable sizes also proves the existence of a 
rich food base and the occurrence of some disturbance in 
a field, when one class of ground beetles can survive oth-
ers. The lare zoophages carabids need stable habitats and 
may have more available prey in less disturbed soil (19, 
20). The presence of Carabidae in various types of devel-
opment also reflects cultivation fields conditions. Autumn 
breeders are more desirable in cultivated fields due to the 
bigger number of eaten pests associated with their longer 
time of living. But the larval and pupae stage of autumn 
breeders which remain in soil for a long time are more 
subjected to the direct damages of soil cultivation (2, 21). 
Additionally, the presence of beetles with differently de-
veloped wings can attest to their possible dispersion and 
colonization of new habitats so as to avoid hazards in the 
form of agricultural treatments (6).
MAteRIAL And MetHods
The experiment was conducted in northeastern Po-
land, near Olsztyn. Six fields with oilseed rape under two 
different systems of soil tillage were chosen. Three of the 
fields were subjected to conventional soil tillage, with fur-
row slice turning ploughs followed by a tiller and harrows 
used to prepare soil for sowing. The other three fields 
underwent reduced tillage further referred to as non-in-
version tillage, where soil was cultivated with special soil 
mixing aggregates without the turning of furrows or slic-
ing. The soils under plantations were similar and belonged 
to class IIIa and IIIb according to the Polish arable soil 
classification system. The oilseed rape fields were sur-
rounded by other crop fields, stretching over the perim-
eter of about 20 km. The distance between the fields was 
at least 300 meters. In conventional tillage, ploughing was 
performed in August, in the year preceding the collection 
of carabid beetles. Oilseed rape was sown at the end of 
August in both tillage systems. Modified Barber traps 
were used to capture insects. In each of the six study sites, 
six Barber traps were put deep in the fields, at about 
20-meter distance from each other. The first trap on each 
field was placed about 50 meters from the field’s edge. The 
traps were emptied every two weeks. Carabid beetles were 
caught from April to October 2011, when their activity is 
high. The seasonal variation was included in the analysis 
as a season. The traps were removed during harvest and 
while the soil was tilled for sowing.
The carabid beetles were analysed in terms of their 
species composition, abundance, richness (as a total num-
ber of species) and some life history traits – trophic prefer-
ences, type of breeding and dispersal mobility (22). Tro-
phic groups were specified on the basis of various studies 
(23, 24, 25, 26): hemizoophagous (eating both – animals 
and plant food) and zoophagous divided into groups ac-
cording to their body size: small zoophagous (body length 
less than 5 mm), medium zoophagous (5.1 -15 mm) and 
large zoophagous (body length more than 15 mm). They 
were classified according to development as: autumn 
breeders that reproduce in autumn and hibernate as lar-
vae, and spring breeders that hibernate as adults and re-
produce in spring (27). They were also divided into three 
groups depending on their mobility: macropterous (fully 
developed wings), brachypterous (with wings reduced to 
a various extent) and dimorphic (24, 25). The Carabidae’s 
life history elements which were taken into consideration 
describe the best groups of carabids in cultivated fields.
Differences in means of parameters describing assem-
blages (species abundance and richness and life history 
traits abundance) were tested using a Poisson generalized 
linear model (GLM), which included two factors (the soil 
cultivation system and the sampling period). Indirect or-
dination of carabid beetle assemblages found at the study 
area was performed using non-metric multidimensional 
scaling (NMDS). NMDS was calculated in WinKyst 1.0 
(28) on a Bray-Curtis similarity matrix. Data were non-
transformed. The significance of multivariance differ-
ences among Carabidae assemblages was tested with a 
non-parametric analyses of variance PERMANOVA 
(NPMANOVA) tests with 9,999 permutations (29).
ResuLts
In total 9,968 individuals belonging to 56 species were 
collected (Table 1). The most numerous species living in 
oilseed rape fields were Poecilus cupreus, Harpalus rufipes, 
Anchomenus dorsalis and Pterostichus melanarius. P. cu-
preus reached more than half of assemblages in both sys-
tems, and the remaining dominants were the same in the 
two studied systems of tillage.
Comparing the total number of individuals and the 
overall richness, we can see that there were more individu-
als and species in the fields under reduced tillage than in 
the conventional fields (Table 1). The Shannon diversity 
index reached a higher value in conventional fields but this 
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Table 1. Species composition, abundance and diversity of  Carabidae caught in the two types of  studied fields
Species
Type of cultivation
Non-inversion (fields) Conventional (fields)
1 2 3 1 2 3
Amara aenea (Degeer,1774) 4 4 0 3 4 2
Amara bifrons (Gyllenhal,1810) 0 1 0 2 0 0
Amara communis (Panzer,1797) 1 4 0 1 0 1
Amara convexior Stephens,1828 13 8 7 5 5 0
Amara lunicollis Schiodte,1837 1 0 0 0 0 0
Amara ovata (Fabricius,1792) 62 29 28 41 22 27
Amara plebeja (Gyllenhal,1810) 2 1 2 0 2 3
Amara similata (Gyllenhal,1810) 50 35 23 34 26 23
Anchomenus dorsalis (Pontoppidan,1763) 153 117 95 60 62 60
Anisodactylus binotatus (Fabricius,1787) 12 5 14 17 8 4
Asaphidion flavipes (Linnaeus,1761) 0 0 0 2 1 1
Bembidion guttula (Fabricius,1792) 1 2 1 0 2 1
Bembidion lampros (Herbst,1784) 7 6 5 2 3 5
Bembidion properans (Stephens,1828) 6 4 5 2 6 1
Bembidion quadrimaculatum (Linnaeus,1761) 0 2 0 2 1 4
Bembidion tetracolum Say,1823 1 0 0 0 0 0
Blemus discus (Fabricius,1792) 1 0 0 0 0 0
Blethisa multipunctata (Linné, 1758) 0 0 0 0 1 0
Broscus cephalotes (Linnaeus,1758) 0 0 0 1 1 0
Calathus ambiguus (Paykull,1790) 1 0 0 1 0 0
Calathus cinctus Motschulsky,1850 1 0 0 1 0 1
Calathus erratus (Sahlberg,1827) 0 0 0 1 0 0
Calathus fuscipes (Goeze,1777) 10 13 10 4 14 5
Calathus halensis (Schaller,1783) 0 6 3 0 0 0
Calathus melanocephalus (Linnaeus,1758) 0 1 0 0 0 0
Carabus cancellatus Illiger, 1798 1 0 0 0 0 0
Carabus granulatus Linnaeus,1758 55 28 31 7 7 4
Carabus nemoralis O.F.Muller,1764 1 2 0 0 1 0
Clivina fossor (Linnaeus,1758) 1 4 2 1 1 1
Curtonotus aulicus (Panzer,1797) 0 2 0 0 1 0
Harpalus affinis (Schrank,1781) 1 8 3 3 4 3
Harpalus griseus (Duftschmid,1812) 1 1 1 2 0 0
Harpalus latus (Linnaeus,1758) 0 0 0 1 0 0
Harpalus luteicornis (Duftschmid,1812) 2 3 3 0 3 0
Harpalus progrediens Schauberger,1922 0 1 0 0 0 0
Harpalus laevipes Zetterstedt, 1828 1 0 1 0 0 0
Harpalus rubripes (Duftschmid,1812) 1 0 1 0 1 1
Harpalus rufipes (Degeer,1774) 278 234 201 111 119 91
Harpalus signaticornis (Duftschmid,1812) 3 7 6 1 3 2
Harpalus tardus (Panzer,1797) 6 4 2 5 1 1
Limodromus assimilis (Paykull,1790) 5 9 3 0 4 8
Leistus terminatus (Panzer,1793) 0 0 0 1 0 0
Loricera pilicornis (Fabricius,1775) 6 7 7 5 1 1
Nebria brevicollis (Fabricius,1792) 1 5 2 1 0 0
Notiophilus biguttatus (Fabricius,1779) 0 1 0 0 0 0
Notiophilus palustris (Duftschmid,1812) 0 1 1 0 0 0
Ophonus rufibarbis (Fabricius,1792) 3 0 1 0 0 0
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result was closely connected with the relatively big number 
of species relative to the number of individuals (Table 1). 
The abundance and richness of ground beetles significant-
ly depended on arable field treatment and season (Table 2). 
There were significant differences in seasonal abundance 
recorded in the two tillage systems (Figure 1). The peak-
abundance in the non-inverted sites was observed between 
May and June, whereas in the conventional fields it oc-
curred later and was almost nonexistent. The abundance 
in the fields under conventional treatment was significant-
ly lower than in the non-inverted ones. There was also a 
significant increase in species richness in non-inverted sites 
(Figure 2). The combination of treatment and season had 
no significant effect on the richness of ground beetles 
(Table 2). The non-metric multidimensional scaling anal-
ysis (NMDS) grouped separately assemblages of ground 
beetles in fields under conventional and non-inversion till-
age (Figure 3). The final two-dimensional solution of the 
NMDS ordination represented a total of 93% of the total 
variation of the original space at a final stress of 0.06 (Mon-
te Carlo test, P=0.0001). The PERMANOVA test revealed 
significant differences in the species composition of the 
ground beetle assemblages in the two types of oilseed rape 
cultivation (F=10.54; p<0.001).
Analysis of the chosen life history traits of food prefer-
ence and body size of the carabids revealed statistically 
significant differences in term of the seasonal presence of 
the mentioned groups of carabids correlated with the type 
of soil cultivation (Table 3). The highest differences be-
tween assemblages were manifested by the highest abun-
dance of medium-size zoophages (Figure 4). In the non-
inversion tillage system, peak abundance of medium-sized 
zoophages was between May and June; the abundance of 
this group of beetles in the conventional fields was sig-
nificantly lower. Hemizoophages were less abundant in 
the conventionally cultivated fields than in the reduced 
Poecilus cupreus (Linnaeus,1758) 1452 1485 1662 617 814 716
Poecilus lepidus (Leske,1785) 3 2 3 0 3 4
Poecilus versicolor (Sturm,1824) 20 17 15 7 12 8
Pterostichus melanarius (Illiger,1798) 101 108 103 54 40 39
Pterostichus niger (Schaller,1783) 14 36 29 3 0 2
Pterostichus nigrita (Paykull,1790) 0 0 0 0 1 0
Pterostichus oblongopunctatus (Fabricius,1787) 0 2 0 0 0 0
Pterostichus vernalis (Panzer,1796) 0 1 1 1 0 0
Trechus quadristriatus (Schrank,1781) 4 5 3 0 3 2
Total Individuals
2286 2211 2274 999 1177 1021
6771 3197
Total Species
39 40 33 33 33 29
49 44
Shannon H’ Log Base 2,718
1.48 1.43 1.20 1.56 1.35 1.30
1.38 1.42
Shannon J’
0.40 0.39 0.34 0.45 0.39 0.39
0.36 0.38
Figure 1. Average abundance of the carabids recorded during the 
course of a year in oilseed rape fields in which the soil was culti-
vated in one of two different ways: N – non-inversion, C – conven-
tional (The vertical lines show standard errors)
Table 2. GLM effect of type of soil tillage and period when sampled 
on abundance and species richness of Carabidae assemblages
Abundance df Wald Stat. p
Date 9 3262.41 0.00
Treatment 1 224.11 0.00
Date*Treatment 9 800.82 0.00
Richness df Wald Stat. p
Date 9 203.34 0.00
Treatment 1 37.63 0.00
Date*Treatment 9 6.68 0.67
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soil cultivated fields, especially in the middle of July. After 
summer, the abundance of hemizoophages declined dras-
tically (Figure 4). There were no significant differences 
between the sites with two soil tillage methods in terms 
of the number of small and large zoophages, however the 
effect was also dependent on seasonal dynamic (Table 3).
Having analyzed carabid beetles with different disper-
sion possibilities in the two types of soil cultivation we 
noted that macropterous Carabidae dominated in both 
treatments (Table 3). In the non-inversion tillage, they 
occurred in significantly higher number than in the con-
ventional one. The peak activity was observed at the be-
ginning of June, while a small increase in the activity of 
beetles was recorded two weeks later under conventional 
cultivation (Figure 5). Although the abundance of bra-
chypterous carabids differed significantly between the 
sites in relation to the method of cultivating the soil, their 
number in the samples was too small to draw conclusions 
as to the preferred method of cultivating the soil for this 
group of beetles. The sites with applied tillage had no 
significant differences in abundance of dimorphic species, 
Table 3. Results of the GLM test of significance (Wald statistics) of 
the effect of type of soil tillage and period when sampled on some 
life traits of carabid beetle assemblages
  df Wald Stat. p
Medium zoophages      
Date 9 3062.05 0.00
Treatment 1 54.90 0.00
Date*Treatment 9 752.98 0.00
Hemizoophages      
Date 9 718.55 0.00
Treatment 1 20.44 0.00
Date*Treatment 9 98.35 0.00
Large zoophages      
Date 9 218.34 0.00
Treatment 1 0.00 0.99
Date*Treatment 9 62.44 0.00
Small zoophages      
Date 9 26.07 0.00
Treatment 1 0.00 1.00
Date*Treatment 9 17.57 0.04
Macropterous      
Treatment 1 139.56 0.00
Date 9 3172.83 0.00
Treatment*Date 9 771.21 0.00
Brachypterous      
Treatment 1 32.25 0.00
Date 9 113.39 0.00
Dimorphic      
Treatment 1 0.00 1.00
Date 9 207.54 0.00
Treatment*Date 9 50.18 0.00
Spring breeders      
Date 9 3636.46 0.00
Treatment 1 83.63 0.00
Date*Treatment 9 745.77 0.00
Autumn breeders      
Date 9 743.81 0.00
Treatment 1 0.00 1.00
Date*Treatment 9 89.79 0.00
Figure 2. Average species richness of the carabids recorded during the 
course of a year in oilseed rape fields in which the soil was culti-
vated in one of two different ways: N – non-inversion, C – conven-
tional (The vertical lines show standard errors)
Figure 3. Diagram of non-metric multidimensional scaling 
(NMDS) performed on Bray-Curtis similarity matrix of ground 
beetle assemblages, ni- assemblages of non-inversion tillage, c- as-
semblages of conventional tillage
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but considering both parameters – tillage and occurrence 
in season – it was statistically significant.
The analyzed occurrence of spring and autumn breed-
ing carabids showed that autumn breeders were repre-
sented by smaller number of specimens than spring breed-
ers (Table 3). However, the significant decrease of autumn 
breeders in the conventional treatment occurred in the 
season. The abundance of spring breeders was also lower 
in sites with the conventional treatment. In the non-in-
version system, strong seasonal division between spring 
and autumn breeders was visible (Figure 6).
dIscussIon
Soil is an essential element of agriculture, both for 
crops and field-dwelling entomofauna. Changes in soil 
associated with farming can contribute to changes in the 
species composition of entomofauna living in the soil per-
manently or during a stage in its development (30, 19, 7, 
31). Disturbances caused by agricultural practice are 
among the most important factors influencing soil fauna 
such as ground beetles (1-3, 5). Conventional soil tillage 
using slice furrow inversion with a plough destroys the 
structure of soil, thereby changing the environmental oc-
Figure 4. Average abundance of carabids belonging to different trophic groups recorded during the course of a year in oilseed rape fields in which 
the soil was cultivated in one of two different ways: N – non-inversion , C – conventional . (The vertical lines show standard errors)
Figure 5. Average abundance of carabids belonging to different dispersal groups recorded during the course of a year in oilseed rape fields in which 
the soil was cultivated in one of two different ways: N – non-inversion , C – conventional . (The vertical lines show standard errors)
Figure 6. Average abundance of spring and autumn breeding carabids recorded during the course of a year in oilseed rape fields in which the soil 
was cultivated in one of two different ways: N – non-inversion , C – conventional . (The vertical lines show standard errors)
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currence of its fauna (32, 6, 1, 33). Deep interference into 
the structure of soil is a factor that disturbs the develop-
ment of soil-dwelling organisms directly, causing their 
death or mechanical damage, and indirectly, by modify-
ing properties of the habitat and food availability. Simpli-
fied soil technologies, such as non-inversion tillage, can 
mitigate negative consequences of soil cultivation to soil 
fauna. However, they are not recommended for growing 
oilseed rape because they provide fewer opportunities of 
reducing the abundance of pest insects responsible for 
yield decline (18). The study confirms that the number of 
beetles was significantly higher in the fields with non-
inversion tillage than under conventional cultivation. 
However, the literature data suggest that the effect of till-
age on soil beetles is not clear. Many authors point to the 
negative impact of conventional tillage on assemblages of 
beetles, mainly due to the devastating effects of ploughing 
on soil-dwelling larva, with the resulting reduction in the 
number and activity of adult insects (13, 34-37, 32, 6, 30, 
3, 4). The reduced activity of carabid beetles in simplified 
cultivation is also reported (38, 39, 21, 7). Some authors 
prove that the method of soil cultivation is not important 
to the formation of Carabidae assemblages (40-43). The 
study on Carabidae in oilseed rape supports the opinion 
that deep ploughing had a significant negative effect on 
the number of beetles. In the case of species richness dif-
ferences were evident between the sites and especially 
combining sites and the seasons. Also, the comparison of 
dominant species in both types of crops showed that they 
were the same (Table 1). But the diversity, higher in con-
ventional cultivation, was created by other, less numerous 
species. This is also visible in the NMDS diagram, which 
shows different significant assemblages of Carabidae de-
pending on the method of soil cultivation, with greater 
variation in the case of conventional tillage (larger dis-
tances in the first two dimensions). Thus, in terms of pro-
tecting plants against pests, the sites with non- inversion 
tillage system seem to be more favorable because of the 
higher number of common prey species such as Poecilus 
cupreus and Pterostichus melanarius (Table 1). However, 
higher species diversity, owing to rare species, was ob-
served in the conventional system, which is important for 
nature conservation. Different results were obtained by 
Hatten et al. (7), who showed a higher diversity of species 
in the crop without ploughing. Holland & Luff (1) also 
claimed that tillage simplifications enhanced the diver-
sity of epigeic arthropods as carabids, which has been 
confirmed in the current research. The analyzed results of 
the research show the importance of further study to ex-
amine the elaborate dependences of species diversity.
Agricultural practice can influence the abundance, 
species richness as well as life traits of carabid beetles via 
soil intervention. Trait specific responses to farming prac-
tice become increasingly apparent for a variety of traits 
and taxa (44). This applies mainly to trophic preferences. 
Purtauf et al. (45) and Schweiger et al. (46) showed the 
responses of carabids to management and landscape 
structure in different trophic groups. It was shown that 
hemizoophagous were less vulnerable to simplifications 
then carnivorous species. In this study, the activity of 
hemizoophagous carabids had a similar pattern in both 
types of soil cultivation, but their number was higher in 
the non-inversion sites. The strongest reaction to the cul-
tivation method was shown by medium zoophages. Evi-
dently, their higher number was observed in crops that 
were grown in unploughed soil. The most desirable group 
of ground beetles in crops are large zoophages, perceived 
as a component of the natural, environmental resistance 
against pests. However, in our study, this group was not 
numerous and showed no differences between the sites 
with different method of cultivation. Large zoophages are 
not common in agrocenoses because of some unfavorable 
conditions regarding moisture, microhabitats, agrotech-
nical treatments, etc. Szyszko (47), Blake at al. (48) and 
Skalski et al. (49) showed that the high level of environ-
mental disturbances caused by human activity affects as-
semblages of beetles regarding the body size in favour of 
smaller size insects. This is partly verified by studies in 
which a low number of large predators and a higher num-
ber of medium size zoophages were observed in habitats 
like fields strongly disturbed by human activity. How-
ever, the latter decrease in number when additional dis-
orders such ploughing take place. Ribera et al. (2) and 
Eyre et al. (5) claimed that the intensity of agricultural 
management influenced ground beetles, and small species 
with their high dispersal capability could tolerate more 
intensively managed areas while larger species were less 
inclined to flee over larger distances to less affected habi-
tats. In this study, small zoophages constituted a very 
small group and did not differ between the sites under the 
different methods of cultivation. However, taking into 
consideration the dispersion abilities of macropterous ca-
rabid beetles, they were far more numerous and less vul-
nerable to human interference in crops without plough-
ing. This contradicts the opinion of Shibuya et al (50) that 
macropterous carabid beetles are more common in dis-
turbed habitats comparing forest and open areas without 
any land management practice. Brachypterous carabid 
beetles were very few and, like dimorphic Carabidae, did 
not show differences in the two methods of cultivation 
along the seasonal dimension. In respect of the energy 
budget, autumn-breeders are a more desirable group of 
Carabidae in fields. They remain in fields much longer 
than the spring-breeders, so they can contribute to the 
prevention of pest gradation over a longer period of time. 
Autumn breeders overwinter as larvae and, as Lovei & 
Sunderland (10) showed, they are more sensitive to dis-
turbance because of the lower mobility of larvae. In this 
study, this claim has not been clearly confirmed, as au-
tumn-breeders present in the tested oilseed rape showed 
no significant differences between the sites grouped ac-
cording to the method of soil cultivation. It was only after 
including the second factor, i.e. their presence in season 
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that they gained statistical significance and were signifi-
cantly more numerous in the sites with non-inversion till-
age. However, spring beetles, which have much less time 
for feeding and reproduction due to the type of develop-
ment, responded strongly to the method of cultivation, 
evidently preferring fields without ploughing. As demon-
strated by this research, a negative effect on carabid bee-
tles assemblages were noted on the sites with convention-
al management applied, although, as Holland & Luff (1) 
emphasize, there can be various causes of differences be-
tween ground beetles assemblages, such as prevalent local 
conditions.
concLusIons
The type of soil tillage may have an appreciable effect 
on assemblages of ground beetles. Modifications of the soil 
environment, for example by ploughing, can lead to a de-
crease in the abundance and richness of carabid beetles.
The use of simplifications like non-inversion tillage 
enhanced the activity of macropterous, medium-sized 
zoophages with the spring type of development. The effect 
of sites grouped according to tillage management was sea-
son dependent, also among the less frequently occurring 
groups of large zoophages and autumn breeding carabids.
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